Purpose: Anthracycline can effectively treat hematologic malignancies, but has significant risk of cardiotoxicity. We measured the clinical correlation between brain natriuretic peptide (BNP) and anthracycline-induced cardiotoxicity. 
INTRODUCTION
Anthracyclin chemotherapeutic agents such as Doxorubicin (adriamycin) and epirubicin show strong activity to kill malignant cells, and thus they have been used for various kinds of malignant diseases. Nevertheless, cardiotoxicity induced by anthracyclin may cause long term side effects after treatment, hence, it has been considered to be an important problem (1, 2) . In other words, in cases of malilignant lymphoma, acute leukemia, multiple myeloma and other hematological tumors or breast cancer among solid tumors that could be completely cured or long term survival is possible by the treatment with chemotherapy including anthracyclin, but heart failure developed during treatment or after treatment is a severe side effect that threatens the life of patients and deteriorates quality of life (3) (4) (5) (6) (7) (8) .
Cardiotoxicity induced by anthracyclin is associated with the cumulative dose of drug, and in addition, it has been reported that in cases accompanying other risk factors such as age, female and others, the possibility of developing cardiotoxicity is high (9, 12, 13) . Thanks to the development of diverse chemotherapeutic agents and the improvement of adjuvant therapies, malignant diseases including numerous hematological diseases could be completely cured (7) . Therefore, to predict and to prevent the long term toxicity caused by chemotherapeutic agents accompanied after treatment are important, and strategies for them are considered to be required. For the diagnosis of cardiotoxicity including heart failure, methods using ultrasonography has been used widely presently, and it is useful for the diagnosis of cases developed complications, nonetheless, it does not show satisfactory results for early detection (10) . Brain natriuretic peptide (BNP) is a type of cardiac neurohormone secreted by the ventricles due to the increase of ventricular volume and pressure, elevation of serum concentration of BNP has been known to be significantly correlated to the left ventricular end diastolic pressure as well as pulmonary capillary wedge pressure in heart failure patients (14) . Pertinent to this, since serum concentration of BNP reflects left ventricular dysfunction, it has been applied to the diagnosis as well as treatment of heart failure patients and to predict prognosis (16, 17) . Anthracyclin has been also known to induce the degeneration of ventricular muscles and thus to show congestive heart failure features (5) . Therefore, in this study, in patients administered anthracyclin chemotherapeutic agents, the correlation of the plasma concentration of BNP and cardiac complications was examined by measuring plasma BNP regularly. 
MATERIALS AND METHODS

1) The subjects
The subjects were acute leukemia, malignant lymphoma and multiple myeloma cases admitted to the department of Hematooncology, Kosin University Gospel Hospital from March 2005 to March 2007, and treated with chemotherapy including anthracyclin. As age, the subjects were patients between 20 years and 65 years, and cases with the past history of cardiac diseases, patients with cor pulmonale, patients with brain metastasis, and patients with liver failure (serum ALP/AST＞ more than 2 times of normal values) were excluded. The follow up period was from 6 months to 2 years.
2) Methods
(1) Echocardiographic test: For trans-thoracic echocardiographic test, the sonos 5,500 equipment (Hewlett-Packard, Andover, Massachusetts) was used. As echocardiographic test, according to the method recommended by the American Society of Echocardiography, the M type, two dimensional echocardiography and Doppler echocardiography were performed, and by the M type echocardiography, the thickness of the ventricular septum, the thickness of the left ventricular posterior wall, the diameter of the left ventricle at the end-diastolic phase, the diameter of the left ventricle during the end-systolic phase, and the diameter of the right and left atrium were measured, and applying the modified Simpson method, the ejection fraction of the left ventricle was measured.
(2) Measrement of Brain Natriuretic Peptide (BNP) and troponin I (Tn-I): In all the subject patients, they were measured prior to each treatment cycle. The concentration of plasma BNP and troponin-I was measured by collecting the whole blood using a test tube containing ethylon deamine tetraacetic acid (EDTA). BNP plasma value was quantitatively examined by chemiluminescence immunoassay (CLIA) using the Triage Ⓡ BNP kit, the lower limit of measurement was 5 pg/ml, and the normal maximal value was 100 pg/ml. Troponin-I was measured chemiluminescence immunoassay (CLIA) using the Beckman Coulter Access AccuTnI kit, the lower limit of measurement was 0 ng/ml, and the normal maximal value was 0.2 ng/ml.
3) Statistical analysis
For the statistical analysis of the data, the SPSS 14.0 program was used, continuous variables were presented as the median value, the upper limit and the lower limit, and non-continuous variables were presented as the frequency and percent. In univariate analysis, to examine the correlation of clinical factors including BNP with cardiac accident, continuous variables were analyzed using Mann-Whitney test, and non-continuous variables were analyzed using chi-square test. In multivariate analysis, factors showing the statistical correlation with P value less than 0.1 in univariate analysis were analyzed by logistic regression analysis, and factors showing P value less than 0.05 were defined to be statistically significant. To validate echocardiographic index mediating effects on plasma BNP concentration, correlation analysis was performed, and as the method of entered analysis, entered multiple regression analysis was used.
RESULTS
1) Clinical characteristic of the subject patients
The subject patients were total 86 cases, their mean age was 48.5 years, and between 20 years and 65 years. Male patients were 49 cases (57%), and as underlying malignant diseases, malignant lymphoma patients were 59 cases (non-Hodgkins lymphoma was 52 patients, Hodgkins was 7 patients), which was most prevalent, acute leukemia was 17 patients, and multiple myeloma patient was 10 patients. Patients with associated chronic diseases were 33 patients of 86 patients (38.4%), patients accompanying hypertension were 7 cases, patients with diabetes were 8 cases, chronic hepatic disease was 6 cases, chronic renal failure was 3 cases, and patients with diabetes and hypertension simultaneously were 4 cases. In regard to anthracyclin chemotherapeutic agents administered, doxorubicin was 67 patients of 86 patients, which was used most prevalently, and in general, the cumulative anthracyclin dose was 300 mg/m 2 ( Table 1) . electrocardiography. Cardiac event is defined heart failure only among the event types.
2) The frequency of the manifestation of cardiotoxicity
We defined the diagnosis of heart failure based on the Framingham diagnosis standard (it could be diagnosed when abnormality in more than one category among the major criteria such as nocturnal dyspnea, rale, cardiomegaly, acute pulmonary edema, cervical venous dilation, etc., and satisfy more than two minor criteria such as dyspnea during exercise, nocturnal cough, peripheral edema, hepatomegaly, pleural effusion, etc.25 Among the entire patients, cases whose electrocardigram was changed to abnormal were 20 patients (23.3%), cases developed cardiotoxicity were 21 patients (24.4%), cases showing only cardiac failure without symptoms of aneurysm or hypotension were 15 patients, which was most prevalent, and cases showing only aneurysm symptoms on electrocardiogram were 2 patients. Cases showing hypotension together with cardiac failure were 3 patients, and among them, 1 patient expired. Among 19 patients shown heart failure, all patients excluding 2 patients showed temporary heart failure, they were treated with diuretic and nitrate agents, and symptoms were improved within one month in most cases, and 2 patients showed chronic outcomes, and thus continuous treatments were required (Table 2 ).
3) The change of plasma BNP concentration and echocardiographic abnormality
In the comparison of the maximal increased value of plasma BNP concentration of patients developed cardiotoxicity during the treatment of chemotherapy included Anthracyclin and other patients, in cases developed cardiotoxicity, the maximal value of BNP concentration was significantly elevated, and the maximal value of the left ventricular mass measured by echocardiography during the administration of anthracyclin was also significantly increased. The mean of the minimal value of left ventricular avascularization during chemotherapy of cases developed cardiotoxicity showed significantly lower values than cases without the development. Here, as cardiotoxicity accident, among the four types, heart failure, aneurysm, heart failure and shock, and heart failure and aneurysm, the subjects were cases developed only heart failure, because besides heart failure, the incidence of the cardiotoxicity accident aneurysm, shock, etc. were too low, and thus they were considered to be statistically not significant and excluded, and the result of the final analysis showed that plasma BNP concentration and left ventricular mass, and left ventricular avascularization rate were all showed electrocardiography. Cardiac event is defined to heart failure only among the event types. a correlation to heart failure ( Table 3 ).
4) The relationship of plasma BNP concentration and
the follow up cardiac events (Table 4 and Table 5 )
The development of cardiotoxicity based on the presence or absence of the development of aneurysm, heart failure, and shock was examined, and it was found to be developed in 21 patients (Table 2) , and among them, 19 patients showed cardiac failure, and in univariate analysis and multivariate analysis, cardiotoxicity event developed during chemotherapy was limited to heart failure among the types of the development of cardiotoxicity. In univariate analysis, factors related to the development of heart failure were cases with the elevation of plasma BNP concentration (p＜0.001), cases that ventricular avascularization rate was decreased to less than 50% (p＜ 0.001), cases accompanying chronic diseases (p=0.012), cases showing abnormalities on echocardiogram (p＜0.001), and cases that troponin-I was increased to more than 0.2 ng/ml (p= 0.002). In addition, in cases older than 60 years, although it was not statistically significant, the possibility of the development of cardiotoxicity was shown to be high (p=0.066).
In multivariate analysis, as factors associated with the development of cardiotoxicity, the elevation of plasma BNP concentration, abnormal echocardiogram, and the elevation of troponin-I were confirmed to be statistically significantly associated.
DISCUSSION
Chemotherapeutic agents used for chemotherapy may cause permanent injury of normal tissues as well as diverse organs in human body, such side effects may become problems particularly in diseases that long term survival is possible, and even if malignant diseases were cured, due to sequelae impairment, it may cause the deterioration of quality of life. Particularly, the myocardium is formed by cells with limited regeneration ability, and thus if injured once, it shows permanent dysfunction, hence, if side effects of chemotherapy occurred, it could be considered to be fatal (1) (2) (3) (4) (5) (6) (7) (8) .
The effect of chemotherapeutic agents on the myocardium could be predicted, nonetheless, occasionally, it could not be predicted in some cases. The anthracyclin daunorubicin, doxorubicin, epirubicin, and idarubicin induce myocardial degeneration in association with the cumulative drug dose, and in such cases, it causes acute or subacute cardiotoxicity, and it may cause chronic complications (9) .
Acute toxicity induced by anthracyclin chemotherapeutic agents are supraventricular tachycardia, ventricular tachycardia, pericarditis, severe changes of electrocardiogram, and myocardiopathy, nevertheless, such acute toxicity appears temporarily, and if treated, it could be recovered completely without chronic outcomes. 6 In subacute cardiotoxicity cases, it may be developed between 3 months and 8 months after the completion of chemotherapy, and it shows heart failure features primarily. In chronic cardiotoxicity, it is developed after 5 years, left ventricular function is deteriorated gradually leading to congestive heart failure, and afterward, it lasts for a long time, and thus quality of life is lowered (2, 3, 7, 11) . Therefore, it could be considered to be important to recognize the high risk patient group who may develop cardiotoxicity induced by chemotherapeutic agents, and to prevent and treat it.
Ventriculography applying echocardiogram and radioactive isotopes is a non-invasive test, and it has been applied widely to the examination of the cardiotoxicity induced by chemotherapeutic agents, nevertheless, as a test applied to the early detection of condition that cardiac condition is not completely deteriorated yet, its sensitivity is low (10) .
It has been well known that plasma concentration of Brain Natriuretic Peptide (BNP) that is a type of cardiac neuronal hormone released from the ventricles by the elevation of ventricular pressure correlates significantly to the end diastolic pressure of the left ventricle and the wedge pressure of pulmonary capillary blood vessels in heart failure patients, and it reflects the dysfunction of the left ventricle pertinent to it. The avascularizatin rate of the left ventricle applying echocardiogram is an important means to observe and monitor heart failure, and it is good for the diagnosis of heart failure that has been developed already, however, it is not useful for the prediction of early cardiotoxicity. Not only plasma BNP concentration could be measured rapidly and readily, even in cases with normal avascularization rate, if the concentration were elevated, the increase of ventricular load could be suspected, and thus it could be applied as a factor that could predict early cardiotoxicity (14) (15) (16) (17) (18) (19) . In our study, among 86 patients, more than 60% were malignant lymphoma patients, and they received the combination chemotherapy of cyclophosphamide, vincristine, and prednisolon including anthracyclin. In adults, malignant hematological diseases are developed in relatively older patients, between the age of 50 years and 70 years, and in such cases, many patients have chronic diseases such as hypertension, diabetes, etc (12) . As shown in the results, the presence or absence of accompanying chronic disease acts as an independent risk factor in the development of cardiac complications. Particularly, in the treatment of non-Hodgkins lymphoma, most cases receive combination chemotherapy including steroids such as prednisolon, and the incidence of secondary diabetes has been reported to be 10∼20%, and thus it may increase the risk of the development of cardiac diseases.
Cardiac troponin has been shown to be the most sensitive and specific factor for the prediction of myocardial injury, and its usefulness is applied not only to the diagnosis of acute myocardial infarction, but also to predict the short term or long term risk level of acute coronary artery syndrome (20, 21) . According to some studies, in cardiotoxicity associated with the use of anthracyclin chemotherapeutic agents, serum troponin-I value has been shown to be related to the histopathological change of the myocardium, and particularly, its elevation persistent for longer than one monthe is associated not only with cardiac dysfunction that would be developed in the future, but also more serious cardiac complications (21) . In our study, similarly, cardiotoxicity developed after chemotherapy showed a correlation to troponin-I.
Adriamycin and cyclophosphamide are durgs of which cardiotoxicity is well known, and recently, for cases older than 60 years, with the history of the previous use of anthracyclin, or with chronic diseases pentinent to the heart, the trend is to use liposome-encapsulated doxorubicin of which cardiotoxicity is less, and consequently, cardiotoxicity could be reduced (22) . Particularly, multiple myeloma is a disease of which onset is between the late 60s and the 70s preferentially, and most patients have risk factors of cardiotoxicity, hence, attentive monitoring of the heart may be necessary.
According to the research reports performed by numerous prospective as well retrospective analysis, cardiotoxicity appears frequently in cases whose cumulative dose of anthracyclin chemotherapeutic agents is higher than 300 mg/m 2 or with previous cardiac diseases (4). However, in our study, in the comparison of cases whose cumulative dose was higher than 300 mg/m 2 with cases lower than that, the incidence of cardiotoxicity did not show a statistical difference, and among the entire 86 patients, cases whose cumulative dose was higher than 500 mg/m 2 were 6 patients, and cardiotoxicity was developed in 4 patients, and thus the correlation to cardiotoxicity was detected in cases whose cumulative dose of anthracyclin chemotherapeutic agents was higher than 500 mg/m 2 .
Although not all oncologists agree, in many cases, the use of liposome type anthracyclin derivatives for patients with risk factors has been accepted and recommended (23) . In several reports, it has been reported that cardiotoxicity could be reduced by the use of dextrazoxane, and iron chylators, hence, in cases using anthracyclin chemotherapeutic agents from the initial time, its use was recommended from the prophylactic aspect, nonetheless, large numbers recommend to use it on limited cases with the cumulative dose higher than 300 mg/m 2 (24) .
Based on our results, in malignant hematological tumor patients whose long term survival is possible, for cases receiving chemotherapy including anthracyclin chemotherapeutic agents, the elevation of the concentration or value through the regular measurement of plasma BNP concentration and troponin-I may correlate to the development of cardiotoxicity, and if their abnormal findings were detected, to perform aggressive prevention and treatment for the heart may be of help to improve the long term morbidity and survival of malignant diseases of which complete cure is anticipated, and furthermore, to improve quality of life.
CONCLUSION
In patients received chemotherapy including anthracyclin chemotherapeutic agents, the elevation of serum BNP concentration is a factor associated with the development of cardiotoxicity, and to understand the more accurate cause-effect of the correlation of serum BNP concentration and the development of cardiotoxicity, it is considered that prospective clinical studies are required in the future.
